Resistance to Rust and Late Leaf Spot of Groundnut at ICRISAT Center: Problems and Progress by Subrahmanyam, P et al.
C Y  b U  \G-t 
Resistance to Rust and Late Leaf Spot of Groundnut 
at ICRISAT Center: Problems and Progress 
P. Subrahmanyaml, D. McDonaldz, LJ. ReddyJ, S.N. Nigamd, 
J.P. MossS, A.K. Singh6, and V. Ramanatha Rao6 
Rurr i h c c ~ n ~ s  arachldlr S p a  and ias Imf (Phaw!rartops~r prsonals) ore rhr mosr inlporronr 
f~uigol drscacs q'jimundnur ( A n c h ~ r  hypogiea L i ~'orid*,tdc. Stnaplr and @mriw rcmninp 
n~ohais  for rrsisronr lo rhcsr d j s r o ~ ~ s  hair bnn drwloprd ar rhr lnrrinartonal Crops Rtsearrh 
Inrrrrtur for rhr Semi-And Tmndo I I C R M T )  Ccnrer, lndto Owr I?WO r r rm~lomt  lmes (rom all 
owr rkr ;,odd haw hen succr~sfulh r r renrd for rherr huo dlstasr$frunl'1977 lo 1990 and s t w ~ ~ l  
sources of resirrunre lo rhor  dlreacrr haw k m  idrnr~fird. Componrnrs ~ m ~ s r a a n c e  ro rhr r~ 
dts<oirrtr Herr ,nwsl,noltd and rhr srohtltrv ofrrnrronct la rht dirrasrs rrrohlrrhrd rhrounh mu12 
. . 
iocor rml  rrrair. Morr d rhr grrmplosm l~ner rcsrsronr lo rhrac dircasrr arc nor qronomically 
ocrrprp(ab1~. Heme, a br~e-scok hybndi:arton program WJ ~ninortd and dsvlrroi Itlgh-ylrldlng 
apronon,,ralir supenor I tna wlrh rrstrrooce lo rhe rwo d,srvr~s wrrr brtd Sewrol omesslonr of 
u,11d Arachls spc'rex wrrr found lo k tmmunr or h r ~ h b  rcsrsranr lo rhe nuo d i r t o m  Cyro~encilc 
r c s t o ~ l !  ~nrorpororing dzrrr rcritranrcs tnro o~ir,wrcd groundnu has k t n  atry ruccessfil m 
dr t r lop~~tp Ittplz-yrldmg, di$rasc-rrnsranr l ~ n r r  Thc progrcn mad? on 16~sr oswclr or ICRISAT 
Cr81rrr ir bn& dtsettssrd oodfuture rerearch needs o n  prrrenrsd 
fPhaco~sarloPs~s r w n a l a t  srio as n~ols rmnortanrs diMncar do amrndoim (Anch i rhnwdea L J. 
rodo o nudo. @om a w 1 1 k  m s w u m  p m  r s m  dws  docnps. dcrdc 1977 a 1 W .  Vdrim 
Jwrs & nrraincia a ranr dangat faMl idnu&u&s Armvl? d+ rnrarar muRt.laars. os 
romnrtcnrer da nsrsffma a a m  d m  doe~osforont tmmunrodos e a cstahilidade & msisrlnria 
rnar nsisrtrutar M amcndOtna ~YNtwdo, rcm srdo bck ructd,da no dcsrn&wmrnro de iinhos dc 
alfo.nndmtN0, rcnsfcntes a docnps. 0 proprcssofnro nrsrcs osprrros. no 1CRlSAT.Crnrnrm. 4 
Introduction use ~n areas where natural dlsearc pressure 1s hlgh w 
where such presure can LE arl~hctally crcated. Gc. 
~ u i . ( p m i n u  orachrdts Sucn.1 ud I k  l u f  a m  mtvmr to bc xrcencd wc w n  in teolieated olar 
. . 
iP&tmnqspru personofa i8;rk. k Cun.) v. &I w ~ t i ' ~ n k ~ I o r  rows 01 highly ~uxepllble cultivars on 
r e  llle most scrlous 1ung.l d l w s  of moundnut etthcr s~dc. To cnhanL' d~xahc dcvelopmcnt. Plants ~n 
(AmcHis hypozaea L.) a wuldwldc &ale (Sub ~nleclor rows are ~naulated wtlh s&n auspnatonr. 
nhmanym n ah. 198%; McDondid et al. 19851. BDlh Thts Is mon successful lfdonc In the cvenmg, follow- 
dtsuws are commonly Dremt wherever zmundnut trig t r r~~a t~un .  Addttlonal late lcaf loot Inaulum la  
- - 
1s gmwn, but l k i r  !ncib;ncc and werl ry  v k y  among provbdcd by acallerlng leal debris coilecled Imm the 
localtties a d  ausons. Y~eld loser are ~cnerslly sub prcvloub acson'r dl~eaxd cmpa rlanp the lnfeclw 
stanlial when the crop 1s r twked  by bxh r u t  md la mws. h t t cd  ~prcadcr planu hcav~ly ~nfistcd wtth rust 
leaf spM. At ICRISAT Csnar. Indlr, bnh dtscucr or lstc lcaf spot are vlao placed systcmattcally 
rnrmaliv a c w  together cavs~ng w e r e  damapt to lhmunhavt thc licld lo prov~dc further sources of in- 
foliagc i nd  acut&tng yleld loiws e htph ar-lD'?~ rrulum. When ncccssaiy, lo obtain one dtacabc ~8 th -  
(Subnhmsnyam et PI. 1984). Allhouph rust and lalc out the other, ~nfcctor row, arc sprayed w ~ t h  
er l  spa can a :onmllcd cllecll~el) o? ccrt1.n fdn. ;mrxndulm ,L conlrul Ica' r p l  ur * ~ l h  lrnarmuph 
glclaer Smtltynd L~arel. 1980. 11 Ir m l  e c m l .  10 ;ono~,l r u :  & p a  neon :nc : .maur oonaltlon,. 
iallv fcu~ble?or the vast mataltv of mall-scale fields may k ~r r l~a l cd  usinfl ovcrhcad sor~nklers unttl 
. . 
farmers in the m l - a n d  tmplcs (SAT). Hence, &eve- harmu. &me l<duys k f&c  harvcrt ;ach pcnolyps 
lwtnp huh-y~cld~ng, dl--resistmt cult~vsrs and la scwed for the dcvelopmcnt of rust and Isle lealspot 
I hmtava~ la~e  to farmers IS w of the ben u lng  Y 9-po~nt wale (Subrshmanyarn el al 1982a. 
m c m  of rcdvclng the y~cld losses from tksc dls- 1982b) 
uses (Gzbbons 1980) Recogntl~on of th~s har rUmu- Scran~np of gcrmdarm for restuance to rust md 
I d  r-h In many counuies e explot! hon.plmt Iau lulrpucsn;l~o be done on a l lm~ldrcaic in the 
rcsiature to rust a d  lale leaf a*. ~ m h o u s e  usmg mted  planls, w tn the I a h t o r y  
In this w r ,  the piugrcu m& on breeding lor 
rcsiMuKs to rwt ad late l e d  spa dlaenaca by I 
multidir!plinuy r e l u n h  team o ICRJSAT Cmvr is 
h ~ n y  r c v l c d ,  ud futvre ruelrch strategler are 
d i d .  
Screening Methods 
Wir actmiry mdmda i u ~  t a n  dcvdopdfa f a  
ismg dcwhcd icavcr, by musuring m e  or ma; 
mmpmcnls of disease realstawe i w h  as incubation 
p r d ,  infection Ircqumcy, lcs ia dlameler, p ran t .  
age lul area damage, defol~atton, and aporul~tlon 
(Submhmmym el nl. 1982b. 19831. and 19B3b). A 
pccnhwrc a ht rmory  bcrminp method w l d  be 
weful in u u s  when r u t  ud lltr iuf IW cpidanicl 
do rm a c w  rcgululy a w k r c  orhsr f o l k  d i l u v r  
i ~ f u e  with *Id tcrccning. Hovsvcr, that oeh 
niqver u c  of l i m i l d  use in tdmtifying modcruc 
I d s  d reriaunec. 
Sources of Resistance p r m p i m  lines jo~nl ly  rcicaled by the Unllcd States 
Dtpartrnenl o f  Agriculture and ICRISAT (Sub. 
At  ICRISAT Csnm. a wvld collation of ovcr I2  000 rahmanyarn and McDonald 1983). 11 16 antensun. 
germplasm lire hrr been vrrend m rhe hcla w t n s t  Inat moat of t k  r u t  amor ale .car spot rcurtant 
rust Md Iru leafsp i  dwmg tk p r l d  19'7-89. and pno1)pcs ha\? or~g~nalea In Rrr Suhranman)am CI 
124 rwl.rcslsunu. Y l r lc tuf WI rrssunt, and ?9 a. 1989.. s htch I$ be l~cvm to k one o l thr  wrondar) 
r-I and Ihtc leafapx res~urnt germplrm .:mr *re pcnc cmlcrs of ;.ll~,a~cd gm.ndnd~ var n,p>puro 
l h l l h e d  ITaTIMc I, Thcv Inr ude I4  rds l - rc~ lnml  md ,ar /~,r.p.uru IGrrpor) n r . 1980 A1 ICRISAT 
Tabk I. bmsdmsmamm lo t u b  rua m a  Ia~e kafspa la gmundnul m a b b k  a1 ICRISAT C n a  ton 19S91. 
1703 NC Ac 17127 j V u i e p e d  Rru 4.7 5.0 
1707 NCAc 17132 /artigtum Purple Rru 4.0 4.0 
1710 NC Ac 17135 &,qtolo D u t  purple R r u  4.0 4.0 
2716 EC 7 M  (2921 /artigmto Dart purple Usuda 3.3 4.7 
3527 USA 63 pliatoro Purple USA 4.7 4.7 
4747 PI 259747 fnrq~oro hrplc Rru 3 7 4.0 
4W5 NC Ac 175C6 forrlgim Rrple RIU 4.3 4.3 
W22 NC Ac 927 furiq8ora Rrplr Sudan 4.0 4.0 
6330 PI 270806 hyp~atr? Tan Z ~ m h b w  2.1 3.3 
6340 PI 350580 jmrrgrurs Dark purple H m d v ~  3.0 4.0 
7013 NC Ac 17131.RF jmnplum Dark purple lndla 3 3 4.0 
7881 PI 2 1 m  farlqlalo Duk purple R r u  4.3 3.7 
7884 PI 341879 jant~~lud Purple lam1 1.0 3.7 
7885 PI 381622 fang~ora Puiplc Honduna 1 0  4.3 
7886 PI 3W593 farnglolo TM Peru 4.7 3.3 
7894 PI3VXd f a ~ n g u  Vv8sgurd Rru 4.0 4.7 
7897 PI 405132 farii,qjad Purplc RIY 2.7 4.0 
l w l o  PI 476141 jmllqta Vulcguw Rru 4.0 5.0 
1021 PI 476152 fmOg,oo TM Rru 4.3 4.7 
10328 PI 476163 f m l ~ g u  Purple Rru 4.7 5.0 
I0329 PI 4761b4 . Tm Rru 4.3 5.0 
5 PI 476172 jarl~g8alo Purple Rrv 4.0 3.7 
10889 PI 476016 I m l l ~ w  Red Rru 3.3 4.3 
1w15 PI 476148 fontg~aa Vukegued Pvu 2.3 5.0 
10936 PI 476168 f u n g w  D u t  purple Pvu 4.3 4.0 
10940 PI 476173 fu l lg i l~ l  V u i e ~ d  Rru 2.3 5.0 
1 W l  PI 476174 /mnymIo Lghl plrplr Rru 4.7 4.7 
I l l 82  PI 476015 f o s l t g ~  Tm Rru 2.7 3.0 
I I485 jmlzr~m Light purple Pvu 5.0 3.7 
*plM m m l  cvluvvs 
7.21 7 M V 2  ~ul~onr 'TM lndis 8.3 8.0 
799 Rabvr33-l hypwa Tan Lndir 7.7 7.3 
I. RUIT&-r.dm. 
Z ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ & , ~ I I D I , I I I D ) + . , ~ ~ ~ L D I D I , ~ - I I D I O I , I I ~ I I D Y R ~ ~ ~ ~ I L D ~ , ~ ~ ~ I L D  
m . ~ . 6 l a a r i . n d 9 . a l r l m s M ~ ~ r P L P A T C n u , ~ a m I ' ) 8 9 .  
Cenrr, several accessions of wtld Amchrr rpp w r c  
also syrtunar~cllly evaluaed for them rearttons to 
rust and late leaf r p ~  in the ficld and 1n thc I a h .  
l ay .  Many of !he spccles w r e  found lo bc immvnel 
hlghly rcsislant lo rust aWor late leaf spot (Sub 
rahmanyam ct al. 1983c and I985aI. 
Components of Resistance 
Uredln~ospores germlnstc and germ tubes entcr 
through wmata ~rrespcltvc of whether a eenotypc I$ 
~mmunc. resjaant, or susccptlbic to rua. Rust rests- 
lance is rot correialed wtth ctther the frequency or the 
$12~ of stomata. Dlffercnccr zn rcskstancc ore srwwl- 
ated w~ th  dtfferenccs In rate and extes of myccllai 
devclopmcnt wnhln the substomatal cavlry and wnhln 
leaf tlsrues. In tmmune Ararhls spp the fungus dlcs 
shortly after cntcring the cavcly. The rust reststance 
available at present In lhc cultivated gmundnut Is of 
thc "slow-ruuing" type. LC.. resinant genotyps havc 
dccreawd ~nfectlon frcqucncy, tncrcawd tncubatlon 
prtrxls, and reduced pustule size, spore pmductm. 
and spore gcrm~nab!l~ty (Subrahmanyam el al. 19838 
and 1983b) The cxtcnt of rust dmagc lo fol~agc 1s 
dependent on the phyiiologtcal tgc of the plaa. 
Young plants arc most suaceptiblc to r u t  attack and 
the ruscepttblliry declbncs wllh age (Subrahmanyam 
ct al 1982al 
Late leaf spot rerlstance Ir also not correlatd wlth 
etther the frequency or the size of stomata. Rcs~stancc 
to the late leaf spot palogcn also opratcs through 
pmionglng tncubatlon and latent prlods, and rcduc. 
Ing lnfectlon frequency, icslon SIX, sporulat~on, and 
dcfoltauon (Subnhmanyam et al. 1982bl. 
7he effccts of these componcnu of reslslancc to 
rust and laa lcaf spot are cumulattvc over the courw 
of a d i m e  epldcmic. In gmeral, on resistant gc- 
ro tma ,  the dtseaw appears late, builds up only 
slowly, md d a s  linle appsrmt h s g c  lo the follagc. 
la ev~dcnssd by the Iowa mas of diwasc d m l o p  
men! (7) ud Lea m i c r  thc pmpess curCe 
(AUDPC). 
Stability of Resistance 
SUbiliry of hon ruiaurs ova apace and time i~ an
impmuu breeding objaivc. Sane of the rust md,u 
I& M spa rautmn ganypa h ~ f i d  u ICRI- 
SAT Cw ue bcmg eaed m dtflnrn l a ~ l o n s  of 
lhc SAT in lhc I r n c k l  Gmundnuc F o l k  Dir- 
M 
cam Nursery. The rrcule otdained indiute that r w l  
and late leaf spar ns~swccs  of most g c n a y p  arc 
stable ovcr a widc range of gmsnphic~locatt~s but 
the gerolyp NC Ac 17090 1s highly resisunt to rust 
at ICRISAT, only modentely nsisUnt In the Roplc's 
Republtc ofChina, and susceptible In Taiwan. I n  con. 
Irast, the gctwlypc PI 298115 1s only moderalely rest. 
slant at ICRISAT, and highly rcslstint In lhc ~ o p l c ' s  
Republic of China and Taiwan. Allhough this indi- 
catcs the possibility of varlatran in the palhogen. here 
IS no authenticated report of the occurrence of 
Utilization of Resistance 
Most rust and late leaf spot resnstaot gcrmplasm l~ncs 
havc undea~rable pal and scsd characlers such as 
dark testa and hcavtly retculated pods. At ICRISAT 
Ccner, more than IWO slngie. two-way, and thrce 
b a y  crosscs were made between liner with good 
agronomic charsctcrr and imea res~stsnt o rua and/or 
late leaf spot. Large F2 populat~ons, and subwques 
gcneratona, were grown in the field during thc rainy 
Mason and srcencd br rcslvlance usmg the mfector 
row methrxl. Several high-yielding agmnomlcaliy su. 
pcrlor lines wnh h~gh lcvclr of resistance to rust and 
mcderate levels of resistance to late leaf r w t  were 
bred by pcdlgrce and mass pcdigrcc methods (Rcddy 
et al. 1984) Backcmsslng was also used In a few 
Innanccs to ,murove ood. aced. and olant characters 
. . 
Scvcral of these rcalstant ltncs ouryielded rclcnscd 
suscepl~ble culttvarr when tested In mult!locatiowl 
trmls'(7able 21, and some arc in advanccd stagca of 
tcstbng tn several countras. For eiample. the hiph- 
vteldcna vartctics ICG IFDRSI 4 and ICG (FDIISI 10 
. - 
rcs~stant o rust and moderately rcaistant to late leaf 
apot wlll swn bc rcleascd forcultivat~on in thc penin- 
s;lar zone of Ind~a. 
Early gcncratlon breeding matertaia havc been 
freely dtstrtbutcd to aclcntisls m national and inlerns- 
t~onnl programs to mablc lhm lo carry out further 
selection in s11u undn locd agmclimatic condition,. 
This h a  resulted In a successful development and 
rclease o f  some rust and late leaf apol residant 
groundnut varieticssuch u Girnar I, DOR 18-10, and 
ALR I m India. 
C~toscnelic research lncorporatins reslatance8 
f rur-ut id Arnrh!~ spp lnto h c  N ~ t t v u c d  pmlmdnut 
hu atvl nrvlled In nun) n r w  I l m .  The wtld 
hachis rpp ruirunt to rw t  andl01 lmc Id IFC~ u c  
diplotd, md p l m d n w  cultivnrr u e  taploid. Tun. 
Mid rprepuinO popll&ma m e  p m d d  by in- 
capontlng psnu fmm wild Awchir app mi by 
cewd hian-)~cl&ng l w s  uitn rmlrunce lo r u t  md l  
w Ilk l e d  spol v c n  developed  moss 1985, S~nph et 
lu reairuncc. BY brl:-@ with the 
c u l u v M  gmundnu~. and by acrming for rcsinuna. 
MY- ICGV 87179 
Cmml 
Jaw K h y  
SE 
CV (%I 
lndu ICGV BW7 
Cmvol 
t m s  I1 
llx Phtl>pprm ICGV 87184 
Cmml 
BPI PN.9 
SE 
CV ( I 1  
Sudvl ICGV 87152 4.84 
caud 
Klrtr 4.39 
SE M.37 
CV (5 )  I8 
S n d l n d  ICGV 87157 2.37 
Cmrol 
Nul Gnnm 1.63 
SE 0.22 
CV (B) 21 
11. 1987). 
The level of misunet  lo llo l e d  spol in wild 
spcclss, d m dcrivluns of cmslcs ktvccn sult~. 
vlted a d  wild spec~es, w n  higher lhm in A. h y p  
aaea. Cmsser wtlh A. cardcwstt h n n  p m d d  mmy 
rupulci derivatives. Ltm 259-2 w n  &d 2 on a 1-9 
asrle f u  late leaf spol, and w i t h s d  h Evere infsc- 
llon when most olhcr rmismnt masrial w r e  huvtly 
b m r g d .  It also showed same ~olersnce of early l e d  
am (Cercosuora arachtii~cola Hori) in a oreliminlrv 
&a1 a h lnaga r  in norlhern India. 
' 
In addition to rmi~lance lo fo l iu  dinuaes. lhe de. 
r~vativcs had g o d  pod yields. Many lines yielded 
over3 1 ha.l.compnred wllh 1.11 ha-' forRobur 33-1. 
Yields of ovcr 8 1 ha.' of dried haulm have alao beu, 
produced. Forry.iour cons~gnmcnts of derivat~vea 
have been sent to 21 countries for screening and fw  
use ~n crowing programs. ICRISAT breeders have 
used 53 dertvstives In 249 cmsa combtnaliona in 
groundnut Improvcmenl. 
In add~tion to reststance to iale l e d  spot and to 
rust, aomc spectes In scctlons Rh~romaiosac and 
Enclo~der arc resistant to early leaf spot. Inkrsec- 
tional hvbr~ds betwan these sacics and s~cclcs of 
w l l o n  Aracbis have k m  eatablishcd using embryo- 
rescue iechn~qucs. Theae inlerspc~fic hybrids w ~ l l  be 
partbculsrly useful for early lcaf spot resialancc 
brced~nn proprams because of lack of adeauafC lcvcls 
- .  - 
of rerlstance to this disease in the cultivated 
groundnu!. 
Genetics of Resistance 
Gcnctr studlcs of rust rcs~slance were c a r r ~ d  out U 
lCRlSAT Csnbr. The F2 pimu ssgregalcd in lhe rUio 
of 15:I, suggcst~ng that resistance to groundnut rust is 
governed by dupl~cale recelsivc gene#. However, 
qumutu~ve genetic mly8is o f p m ~ ,  F,, F2, BCI. 
d BC. emrations of rust.rcalunt x ~uvnrt iMe " 
cmsrcs of the cullivalcd powdnut wing pawruim 
mean analysis (J~nlrr and Jones 1958) indicllcd IhA 
rw t  reri&c a predaninantly conmrlled by mddi- 
tivc, sdditive x additive, and rddilive x daninancc 
gene effxle. Dupl~csb e p t ~ t ~ l i r  w n  o b w d  W 
for rust disease aorel  and for lcaf area dunrOe 
(Reddy et d. 1987). Funher stdiea are rewired lo 
 how conclusively i f  ru# rwiMncc is p w d  by 
IW or ~ u c e  msjor gw or by m y  gmcr. Wild 
Arulus may hrve mcchln~mu of rwt ud/a llo 
hi rpol m inmce  hat  differ ban has in thc henrlti- 
vied groundnut. I n  m d~ploid wild Amrhis m. 
rusl rcaisunce appcus l o  bc parlially dominmr 
(Singh el 11. 19W, unlike in thc cullivaed groundnut 
( N ~ p m  et 11. 1'%0), i d u t s g  that dfl-l gem 
may bc involved. Canbmmlon of Urse resiaunca 
may rnu l l  in mae ruble res iarre m the culnvated 
pundnut. 
ReslNnm lo I a t  l u f  apM is rbxrslvc and qum- 
lllatvely mhertted, and is deurm~ned by slleln a1 
five 10~1. 
Future Research Needs 
Although many sources of reaistanm lo rust and lare 
leaf spot have bcm identified from the available 
gcrmplam collections. lhse represent only a nrrmw 
genalc bwse. There 18 a wed to collcc~ more germ- 
plasm from the plmsry and secondary grne centers 
and lo ldmrify g m o r p a  wlth d l s w  rcslstancc and 
good lgrmomlc trails for uliliral~cm in breeding pm- 
grams. Util imion of temploid a near-ttraplods de- 
rtved f m n  ~nlerbpccific m s e s  should bs ~nmstfisd 
lo'accumulae more gmellc diversity. The levels of 
rcrlrlance lo Iau leaf sral and Ihc ~ua l iw  of oal and 
d c h l R n t r ~  need to bc unpmvid.  xis sting field 
wreenlng tchn~quss should be modified lo SUII var- 
lous &mph tc  i aa lms .  Fvnher rexarch on host 
germypc. pathogrn, a d  mvlrmmrnl intractions is 
rcquued to delermlnc the siabillty of resiaance lo 
r w l  end lllc leaf spM. IdmuficMm ofpalhotypca and 
iheu gmgnphlcd dlavlbur~on is also necessary for a 
successful breed~ng pmgmm. 
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Cblpm: Mosl ofthc sfcersio~ licntified as rcrisunl 
to rust or latc leaf spa r e  of thc fas11giaJa; very fcw 
or nme f m n  hypogwa, vulgaru. and hirsura. How 
e x m i v e  hw thc germplam wllecdon tern i n  or& 
to idcntify gcnayps f m  thc &r varintcs/rypr 
which u c  m iaun t  to thc ducarcs? Docs ICRISAT 
hive a rccord of  thc bounical lypes of  all lta 
mlkctions? 
Subnhmnnyam. Mosl (W91) of Ihc rusl and/or late 
l c d  spot rcslstant g c ~ t y p s  avallablc f m  ICRlSAT 
Cenler arc fmm Soulh America. Wc have lk records 
of Ihc botanical typea for all gcrmplasm lmcs but I 
can'l say what thc prcemagcs arc raght now. 
Ddo :  In your sllde presentation, diffcrcnces k lwccn 
susctpl~blc. reslaanl, and ~mmunc gcnoiypcs lo rust 
have becn attr~buled lo diflerences In rnyceltal dcvel- 
opmenr. What IS the factor responsible for such dtf. 
fercnces In dcvelopmcn~ (mycellall in  thc lhrce 
d~fiercnt gcnaypes? 
Subrahmsnysm Suber~zat~on I mmunc genotypes 
lakes Dlacc ~rnmed~alelv when mvcelia pct In comact 
. . -  
wllh hosl cells. Fivr phcnollc compounds havc also 
becn ldenlihcd as iaclors responsible for rcrtslancc 
Ndunguru: Do you sec any polcnual lor thc FDRS 
11nes lo k rclcascd as pasture malcrlal slncc thcy 
produce hlgh y~clds of haulms? 
Subrahmsnysm: Some inlcrcpcific hybrld dcriva. 
lwea developed a1 ICRlSAT Ccnlcr may havc nwd 
